Bacteriophages common to Pasteurella pestis and to some Escherichia, Shigella, and Salmonella strains were described by Girard (1943) , Lazarus and Gunnison (1947), and Smith and Burrows (1961) . These investigations provided data supporting the view (Stocker, 1955) that P. pestis is taxonomically related to Enterobacteriaceae. Recently, Martin and Jacob (1962) reported the transfer of the episome F-lac from E. coli K-12 to P. pestis. The present paper describes the antigenic and host-range mutation pattern of a bacteriophage common to E. coli and P. pestis. This phage is related to T3 coliphage.
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MATERIALS AND METHODS
Bacterial strains. Strains used were P. pestis Kimberley strain P; P. pestis 2c, a streptomycinresistant, nonpesticinogenic mutant of P. pestis Kimberley strain P (Hartman and Ben-Gurion, 1959) ; and Escherichia coli strains B/r, C600, and C169(X).
Bacteriophages. Y, a virulent phage of P. pestis, was kindly supplied by G. Girard, Institut Pasteur, Paris, France; phage T3 was supplied by the late M. H. Adams in 1954. Media. Tryptose agar (TA) contained 2% (w/v) Tryptose (Difco), 0.05% (w/v) NaCl, and 2% (w/v) agar (Difco). Proteose No. 3 semisolid agar (P3SSA) contained the following ingredients (w/v): Proteose Peptone No. 3 (Difco), 2%; NaCl, 0.05%; glucose, 0.05%; NaHPO4, 0.5%; and agar (Difco), 0.7%. Nutrient agar (NA) and nutrient semisolid agar (NSSA) contained nutrient broth (Difco) supplemented with (w/v) 0.05% NaCl and 2 or 0.7% agar, respectively.
Phage assay. Phage was assayed by the overlay method (Adams, 1959) . Titrations on P. pestis were with TA basal layer and P3SSA upper layer, incubated at 27 C unless otherwise stated. Titrations on E. coli were with NA basal layer and NSSA upper layer, incubated at 37 C. Three plates were inoculated from each phage dilution.
Phage stocks. Phage suspensions purified by three successive single plaque isolations were diluted and plated. Semisolid agar was collected from the plates (containing 100 to 150 plaques), and the phage was extracted with phosphate buffer (0.067 M) in a Waring Blendor. Bacteria and debris were removed by low-speed centrifugation (4,000 X g, 20 min) and the supernatant fluid was sterilized by chloroform. The phage was purified and concentrated by two successive high-speed centrifugations, each followed by centrifugation at low speed. The phage was resuspended in 0.067 M phosphate buffer. Stocks of phage Y were made on P. pestis 2c and those of phage T3, on E. coli B/r.
Serology. Antisera were prepared by intramuscular injection into rabbits of purified phage stocks suspended in adjuvant (Salk and Laurent, 1952) . Potent antisera were obtained after three successive injections of 1010 phage particles at weekly intervals. All antisera were collected from rabbits at least 28 days after the beginning of immunization. Serological propinquity of phages 10-7) in stocks of phage Y. It formed turbid plaques (diameter, 2 mm) on P. pestis at 27 C; at 37 C, however, its EOP on P. pestis was 10-3 and the plaques formed were clear and similar to those of phage Y. It formed clear plaques on E. coli B /r with an EOP of 10-6 at 27 and 37 C. The mutant phage, designated Y-1, adsorbed neither to P. pestis grown at 37 C nor to E. coli B/r grown at 27 or 37 C. The change in host range of Y-1 was correlated with changes in its antigenic properties (Table 1) . Anti-T3 serum did not neutralize this phage; the activity of anti-Y-1 serum, when measured against T3, was less than ½o,0 of the activity against the homologous strain.
Electron micrographs showed phage Y and its mutant Y-1 to be indistinguishable from typical T3 phages. They all have a short tail and are of the same size as T3 .
Determination of serum blocking power (SBP) of T3 and Y-1 with anti-Y serum. An attempt was made to elucidate the fine structure of the antigenic sites of phage Y by absorbing anti-Y serum with T3 (active on E. coli only) and Y-1 (active on P. pestis grown at 27 C only). The method involves the exhaustion of antibody by a particular phage and assay of the serum for remaining antibodies (Eisenstark, Maaloe, and Birch-Andersen, 1961) . Phage T3 or Y-1, inactivated by ultraviolet light, was added to diluted anti-Y serum (1:2,000) to a final concentration of 2 X 1010 phages per ml, and the mixture was incubated for 10 min at 37 C. Phage Y was then added to the sera, and its survival was measured, after 5 min of incubation at 37 C, by plating samples with P. pestis 2c and with E. coli B /r. Table 2 summarizes the results of these experiments. Phage T3 removed antibodies neutralizing the activity of phage Y toward both P. pestis 2c and E. coli B /r, but, while the antibodies neutralizing the activity of this phage against E. coli B /r were exhausted, neutralization of the activity against P. pestis was still observed. These findings suggest the existence in the antiserum against phage Y of two kinds of antibodies differing in their affinity for the T3 antigen. Although phage Y-1 did not adsorb to E. coli B/r, it combined with antibodies neutralizing the activity of phage Y toward both P. pestis and E. coli. This finding indicates that the reactive site for E. coli on Y-1 is altered in a way permitting it to combine with specific antibodies but not to adsorb to this bacterium. Mutation pattern of phage Y-1 in P. pestis 2c. Mutants of phage Y-1 forming clear plaques on P. pestis 2c were isolated. The host range of these mutants was analyzed to determine whether revertants to the broad host-range spectrum P. pestis-E. coli can arise in P. pestis. The first group comprised phages isolated from 16 independent plaques formed on P. pestis 2c at 37 C (Table 3) . These mutants, which appeared at a frequency of 10-3, could be divided into four groups according to their EOP on E. coli B/r: 10-5 to 10-6, 10-2 to 10-3, 10-1, and 1. The reacquired infectivity for E. coli B/r was neutralized by anti-T3 serum. In the second group, 15 clear plaque mutants were isolated on P. pestis 2c at 27 C. They appeared at a frequency of 102 to 10-3 and had the following properties ( 
DISCUSSION
The present investigation has shown that phage Y of P. pestis and the coliphage T3 are serologically related (Table 1) . Phage Y possesses, however, in addition to an antigenic site in common with T3, another antigenic site functional in the infection of P. pestis. This additional antigenic site is indicated by the findings that (i) the activity of phage Y towards P. pestis is relatively resistant to anti-T3 serum, whereas the infectivity for E. coli B/r is efficiently neutralized (Fig. 1) by it, and (ii) anti-Y serum absorbed with phage T3 (Table 2 ) neutralized the activity of phage Y towards P. pestis exclusively. A difference between the receptors for phage Y on P. pestis and E. coli is indicated by the isolation of the host-range mutant Y-1, which adsorbs to P. pestis grown at 27 C only. Since phage Y-1 combines with antibodies to phage Y (elicited both by the P. pestis and E. coli reactive sites), the restriction in its host range is probably not caused by a major alteration of the antigenic sites, but may be caused by a change in the steric buildup of the reactive sites, rendering one of them unfunctional. This assumption was supported by the observation that phage Y-1 gave rise to revertants active on E. coli (Table 3) .
The host range and antigenic variation pattern of another T3 strain (Eisenstark et al., 1961) , designated T3B, differs from the pattern reported here. Phage T3C, a genetic variant of T3B, has an additional antigenic site and a changed host range. It differs, however, from T3B in morphology, having a long tail; phages T3 and Y are morphologically indistinguishable. One reactive site of T3C only was found functional, and the host range of this phage was not modified by anti-T3B serum, whereas the host range of phage Y was phenotypically modified by anti-T3 serum (Fig. 1) .
The tail of phage T5 was reported antigenically heterogeneous (Lanni, 1958) . This heterogeneity, like that reported here, was correlated with the host range of the phage.
Since phage Y resembles serologically phage T3, the designation T3P is suggested for it, to emphasize its close relation to T3 and to avoid confusion in further work. Consequently, the Y-1 mutant would be named T3P-1.
